Rice flour (RF) was blended with ginger starch (GS) (Zingiber
INTRODUCTION
Rice flour is one of the basic ingredients in the production of various food products. However, rice noodles stand out to be the most favorably consumed by many people in South Asian countries, and China is no exception (Qazi et al., 2014) . Apart from the variations in the technology of production, instability of the quality of rice being the raw materials used also adds to the drawbacks on the noodle product's qualities (Surojanametakul et al., 2002) .
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The structural network of noodle products is mainly determined by the starch content of the rice noodle due to the absence of gluten in rice flour (Yoenyonbuddhagal and Noomhorm, 2002; Qazi et al., 2014) . Therefore, combination of different starches have been used for noodles preparation, such as corn and potato starches, maize and tapioca starches (Kasemsuwan et al., 1998; Kaur et al., 2005) respectively. The replacement of rice flour with various starches such as cassava starch, potato starch and corn starch had various characteristics upon the type/amount of starch added (Surojanametakul et al., 2002) . Since starch from different plant source varies in appearance, composition, as well as properties, due to its morphology and physiochemical properties, there is the need to continue the search for starch with excellent properties from both conventional and nonconventional sources (Kolawole et al., 2013) . Blending of various tropical crop starches such as canna starch, mung bean starch, sweet potato starch, cassava starch, corn starch with rice flour has been studied (Surojanametakul et al., 2002; Thao and Noomhorm, 2012; Qazi et al., 2014) . However, starches obtained from many tubers and roots, with few exceptions such as, arrowroot, and ginger have not been commercialized (Peroni et al., 2006) . Ginger root (Zingiber officinale) is mostly consumed as a delicacy, medicine or spice as well as used in phytotherapy because of its volatile oil and oleoresin. A powdery substance was extracted from ginger roots and upon the physiochemical test performed confirmed the presence of carbohydrate that means starch (Talele et al., 2015) . Extraction of ginger starch has received various research attentions (Talele et al., 2015) . Also, there are studies on the modification of cassava starch with ginger (Daramola and Osanyinlusi 2006) . Ginger starch also compared favorably with maize starch as in physiochemical properties and therefore showed that it has a high potential for industrial applications as biomaterials in composites food, textile and pharmaceutical industries (Afolayan et al., 2014) . According to a report by Peroni et al. (2006) , ginger starch displayed a higher amylose content of 26.5% and therefore makes it fit to be considered in the production of noodles since amylose content of starch/flour used in noodle production has a significant correlation with the noodles quality. However, studies on its applications in the food industry is extensively limited, especially, its use in the modification of rice flour for noodle production. Hence, the need to study and compare its physiochemical effect on the properties of rice flour with that of cassava starch which is already in use. The color, water binding capacity, swelling power and solubility, pasting, textural and dynamic rheological properties of pure rice flour (RF), native cassava starch (CaS), native ginger starch (GS) and the formulated blends were studied. The objective of this research work was to find out whether ginger starch is fit to be used in rice flour modification for noodle production as cassava and other tropical crop starches are already commercialized.
MATERIALS AND METHODS
Commercial native cassava starch (CaS) and sticky milled rice flour (RF) were purchased from Nanjing Ganzhiyuan Sugar Co LTD and Cho Heng Rice Vermicelli factory Co. Ltd (China) respectively. Fresh ginger (Z. officinale) was bought from an open market in Changsha City, Hunan province of China and other analytical grade reagents were obtained from Yueyang Hunan Chemical Industry Co. Ltd (China).
Isolation of starch from Ginger (Z. officinale)
Native ginger starch extraction was carried out according to the method described by Kolawole et al. (2013) with little modification for larger quantity. Fresh roots of ginger of about 4 kg were peeled and washed. The samples were cut into small pieces and soaked in 4 L of 1% w/v sodium metabisulphite solution at room temperature (25°C overnight (24 h) to aid the release of starch. The pieces of root were removed and wet milled into a slurry using a grater. The paste was dispersed in large volume of 1% w/v sodium metabisulphite solution and filtered through muslin cheese cloth. The filtrate was allowed to stand for 1 h to facilitate starch sedimentation and the top was decanted and discarded. The starch was washed with 2 L of 1% w/v sodium metabisulphite solution and then, the suspension was centrifuged at 3500 rpm for 10 min to facilitate the removal of dirt. The supernatant was carefully decanted and the mucilage scraped off, the process was repeated for five times with the mucilage on the starch scraped continuously until a pure starch was obtained. The resulting starch was dried at 60°C in hot air oven, dry milled, sieved through 80 mesh sieve, weighed and packed in airtight polythene bags then stored in the refrigerator at 4°C.
Proximate analysis of rice flour
The moisture, ash, protein, fat, total sugar and starch contents of rice flour were determined according to methods described in American Association of Cereal Chemists (AACC, 2000) .
Blends formulations
Rice flour was blended manually with cassava and ginger starches at ratio levels of 100:0, 80:20, 60:40, 40:60, 20 :80 and 0:100 (weight basis) and were sieved using 80 mesh sieve in order to obtain granules of uniform sizes. They were packed into an airtight polythene bags and stored in the refrigerator at 4°C until used. The blends of RF and starches were studied for water binding capacity (WBC), swelling power (SP) and solubility (S), pasting, textural and dynamic rheological properties.
Color measurements
The color L* (index of lightness/darkness), a* (index of hue, red/green) and b* (index of hue, yellow/blue) where, L* = lightness (0 = black, 100 = white), a* (-a* = greenness, +a* = redness) and b* (-b* = blueness, +b* = yellowness of pure rice flour (RF), ginger starch (GS) and cassava starch (CaS) were determined using Chroma meter, CR-400 from Konica Minolta Sensing, INC. (Industrial Instruments), Japan. Three repeated measurements were taken for each of the three replicate (starch/flour) per sample (total of nine readings per sample). The whiteness value was obtained according to Equation (1).
Whiteness =
(1)
Water binding capacity
Water binding capacity was determined according to the method proposed by Oke et al. (2013) . About 2.5 g of the samples (rice flour and starch formulation) was suspendered in 30 ml distilled water at 30°C in a centrifuging tube, shook for 30 min using a water bathing constant temperature vibrator and then, centrifuged at 3000 rpm for 10 min. The supernatant was decanted and the weight of the paste formed was recorded. The water binding capacity (WBC) was then calculated as the paste weight per gram dry sample.
(2)
Determination of swelling power and solubility
Swelling power and solubility of pure rice flour and starches were measured using the method described by Oke et al. (2013) with little modification. Dry sample of 0.5 g was weighed in triplicate and then transferred to a 100 ml conical flask. Exactly 15 ml of distilled water was added and stirred. The sample was transferred into a water bathing constant temperature vibrator then, heated for 30 min at 92.5°C with constant shaking (stiring). The gel formed was transferred into pre-weighed centrifuge tubes and centrifuged at 3500 rpm for 15 min. The supernatant was then carefully poured into pre-weighed petri dishes and the gel sediments in the centrifuge tubes were weighed. The supernatant in the petri dish were evaporated at 130°C for 8 h and weighed again. Swelling power was expressed in g of swollen granules per g of dry starch/flour in the sediments and solubility (%) was expressed as the weight of soluble starch/flour in percent of initial dry starch weight. SP and S were calculated according to Equations 3 and 4.
Pasting properties
Pasting properties of rice flour and starch formulations (at different concentrations) were determined according to AACC (2003) , using a Rapid Visco Analyzer controlled by Thermocline software for windows (RVA, Model 4D, Newport Scientific, Australia). Sample (3.0 g, 14 g/100 g moisture basis, in triplicate) was weighed directly into the RVA canister and distilled water was added to obtain a total weight of 28 g. The samples were stirred by the paddle in the RVA canister at 960 rpm for the first 10 s then at 160 rpm for the rest of the test. There are five stages of the standard profile; (1) holding for 1 min at initial temperature (50°C), (2) heating to 95°C for over 3.42 min, (3) holding at 95°C for 2.3 min, (4) cooling to 50°C for over 3.48 min and (5) holding at 50°C for 2 min. Each sample was held for 13 min and the interval between viscosity and temperature readings was 4 s. Values measured from the pasting profile were, peak viscosity (PV), trough viscosity (TV), final viscosity (FV), peak Quaisie et al. 265 time (Ptime), pasting temperature (PT) and breakdown. While relative break down, relative set back and pasting time were calculated from the data obtained by RVA using Equations 5 and 6.
(5)
Texture analysis of RVA gels
Texture analysis as reported by Bhattacharya et al. (1999) was followed with slight modification. The samples prepared in the RVA was poured into small aluminum canisters (37.0 mm diameter and 20.0 mm height) and stored at 2°C overnight for solid gel formation. The aluminum canisters were sealed with paraffin wrap to prevent moisture loss during storage. The solid gel formed was evaluated for their textural properties by texture profile analysis (TPA) using the texture analyzer (TA/XT2i, Stable MicroSystems, Surrey, UK) equipped with a Texture Expect Software program (version 5.16).
Each canister was placed upright on a metal plate and the solid gel was compressed at a speed of 1.0 mm/s to a distance of 10 mm with a stainless steel punch probe (P/0.5). The compression was repeated twice to generate a force-time curve from which hardness (HD,g), springiness (SP,mm), adhesiveness (AD), cohesiveness (CO), gumminess (GU, g) (hardness × cohesiveness), chewiness (CH, g×mm) (gumminess×springiness) were all computed by the software supplied with the instrument. Three repeated measurements were taken for each of the three replicate gels per sample (total of nine readings per sample). The diameter of the solid gel (37 mm) was divided such that unbiased repeat measurements (with puncture) could be made on different areas of the same solid.
Rheological properties
The rheological properties of rice flour and starch formulations were determined using a rotational rheometer (Physical MCR 301, Anton Paar GmhH Stuttart, Germany) equipped with a cone and a plate geometry sensor (40 mm diameter, 1°cone angle and 0.098 mm gap). Gelatinized samples paste (6% RF:Starch, w/w) were prepared by using the RVA. The gelatinized sample was placed on the determination platform of the instrument and a thin layer of silicon oil was added to prevent water evaporation. The dynamic viscoelasticity was determined in triplicate for each sample.
Dynamic viscoelastic measurements
The dynamic viscoelastic measurements of storage modulus (G') and loss modulus (G") were evaluated by first running deformation sweeps at a constant frequency (10 rad/s) to determine the maximum deformation attainable by a sample in the linear viscoelastic range. Afterwards, by applying a constant strain (0.5%), which was within the range, a dynamic frequency sweep over a frequency range of 0.1 to 10 Hz was performed. The sample measurement temperature was kept constant at 25°C.
Statistical analysis
All experiments and analysis were performed in three replications. The data was subjected to statistical one-way ANOVA test and Duncan multiple range test (DMRT) to compare means at 0.05 
RESULTS AND DISCUSSION

Color measurement
Most consumers use color as one of the important parameters to evaluate the quality of rice noodles (Asenstorfer et al., 2010; Thomas et al., 2013) . According to the results (Table 1) , RF and the two native starches selected had a white (lightness) color. However, there was a significant difference in their lightness values with CaS having highest (97.19) whilst the least lightness was recorded for GS (95.35). Both RF and CaS had a red shade whilst GS had a green shade. The two starches under study with the RF had a yellowish color with GS recording a high b* value of (3.61) while CaS having a lower yellowness with b* value (1.71). According to the statistical analysis conducted, all the three samples under study were significantly different (p<0.05) from each other as in L* and a* values. The b* values recorded similar significant difference among the three samples under study. Finally, the overall whiteness among the three samples were significantly different from each other, which would influence the overall color of the formulated blends hence affects the color of the noodles produced. Starches with high value for lightness and low value for chroma are mostly preferred for noodles production (Tan et al., 2009 ). Hence, CaS will be preferred over GS for noodle processing.
Water binding capacity (%), swelling power (g/g) and solubility (%) of RF, CaS, GS and their formulated blends Table 2 shows the analysis of water binding capacity (WBC), swelling power (SP) and solubility (S). The water binding capacity analyzed results revealed a significant difference at p<0.05 among all the samples. The rank All values are means of triplicate determination. Values having different letters within the same column are significantly different from each other (p<0.05). PV = peak viscosity; TV = trough viscosity, RBD = relative breakdown; FV = final viscosity; RSB = relative setback; Ptime = peak time (time from onset of pasting to peak viscosity); PT = pasting temperature (temperature at which peak viscosity was reached); RVU = Rapid Visco-Analyzer units order for WBC among the three main samples under study was RF>CaS>GS likewise the formulated blends. The difference in the proportion of crystalline and amorphous regions within the granule resulted in these water absorption capacity variations (Kolawole et al., 2013) . Thus, less amount of water is absorbed by starch granule with a smaller proportion of weakly bonded amorphous material (Kolawole et al., 2013) hence, GS showed such characteristic. As reported by Oke et al. (2013) , restricted type of swelling starches are desired for the production of noodles since the granule after swelling must remain intact and stable against shearing during thermal processing. The analyzed resulted presented in Table 2 revealed that, there was significant difference at p<0.05 among all the samples under study. CaS (27.27 g/g) recorded the highest whilst RF had the least (10.83 g/g). Also, GS had SP of 13.17 g/g. This difference was likewise depicted among their formulated blends with the exception of RF:GS (40:60) and RF:GS (80:20) which had no significant difference from each other. Also, the mean S of all the samples under study had significant differences among them, with GS (12.40%) recording the highest whilst RF (9.47%) recorded the least. The highest S recorded by the GS in this study is attributed to the easy solubility of the linear fraction (amylose) which leach out during swelling process since it is loosely linked with the rest of the macro molecular structure (Soni et al., 1993; Adebowale et al., 2014) . The results obtained for SP and S were in the same range of the values reported by Qazi et al., 2014 . However, Adebowale et al. (2014 recorded SP and S values for GS as 10.86 g/g and 10.17% respectively which are in contrast with the recorded results in this work which might be due to difference in varieties/cultivars and also the difference in temperature at which it was heated. As pointed out by Kolawole et al. (2013) , the SP and S of ginger starch increases with an increased temperature. Table 3 highlights the pasting properties of RF, CaS, GS and their formulated blends. From the analytical results, there was significant difference (p<0.05) among the samples with all the pasting properties under study. The rank order for PV among the three main samples under study was CaS> RF>GS. There is an increase in viscosity with granule swelling along with amylose leaching, while a decrease of viscosity may be due to further shearing of granule (Sharma et al., 2009; Qazi et al., 2014) . With the formulated blends, PV of RF increased as the CaS proportion increased this is confirmed by the results obtained by Qazi et al. (2014) . However, the blends of GS showed otherwise that is, as the proportion of GS increased, only RF:GS (80:20) had a significant difference at p<0.05 p whilst RF:GS (60:40), (40:60) and (20:80) showed no significant difference from each other. GS recorded a higher TV than RF and CaS. The TV of RF increased with increasing GS and the opposite happened for CaS. The rank for RBD was recorded as CaS>RF>GS. The highest RBD value for the blends formulation was recorded by RF:CaS (20:80) and the least was recorded by RF:GS(20:80) which was as a results of the source of starch. FV and RSB recorded a similar ranking of RF>CaS>GS. The FV values of RF The results recorded in this study may be as a result of the granule size of the starches involved since granule size of the blends plays an important role in the setback (Punchaarnon et al., 2008) . Both P time and P T also recorded a similar ranking of RF>GS>CaS. The difference in P T among RF, GS and CaS might be as a result of the changes in the interior structure of starches which can occur in both amorphous and crystalline (Katayama et al., 2002; Thao and Noomhorm, 2012) . The addition of CaS significantly reduced the pasting temperature of RF which indicates a reduction in the energy requirement during processing of various products with such blends and therefore, makes it better to be considered over GS when there is the need to save energy. When all other properties are equal, starch/flour with lower P time and P T may be desired more for technical and economic reasons (Iwuoha, 2004; Baah et al., 2009; Oke et al., 2013) . However, for thermal, shear and mechanical stability, starches with high P T will rather be considered since they have a strong bonding forces within the granule interior which provide higher resistance to mechanical agitation, hence, the results of lower PV and SW (Peroni et al., 2006) . To determine the industrial application and use of flour/starch in various food products, pasting properties play an important role since they influence the texture, shearing and mechanical stability as well as the digestibility of starchy foods.
Pasting characteristics of rice flour (RF), cassava (CaS) and ginger starch (GS) and their formulated blends
Textural properties of RVA gels
As summarized in Table 4 , the textural properties of Rice flour (RF), Cassava starch (CaS), ginger (GS) starch and their formulated blends varied significantly. From the results obtained for hardness, GS recorded the highest hardness of (460.48 g) followed by RF (101.25 g) then CaS (62.08 g). The hardness value recorded for GS is related to the presence of strong bonding force within the granule interior as observed for its pasting properties and swelling power (Peroni et al., 2006) . Harder gels exhibited by starches tend to have higher amylose content and longer amylopectin chains (Mua and Jackson (1997) . Peroni et al. (2006) recorded a higher amylose content value of 26.5% for ginger starch (GS) and a lower amylose content of 19.8% for CaS hence, the high and low hardness as recorded for GS and CaS respectively in this study might be as a result of the variation in their amylose content. Results from Sandhu and Singh (2007) , showed that amylose had a positive correlation with hardness (r=0.511, p<0.05) and gumminess (r=0.792, p<0.01) of starch gels. A highly significant correlation was found between high amylose and general acceptability of rice noodles (Bhattacharya et al., 1999) . The addition of GS increased the hardness of the RF paste in accordance with the ratio whereas the increment of CaS rather reduced the hardness of RF and the values were more closer to the value obtained for CaS. The adhesiveness of RF and GS were (-69.74 g*s) and (-20 .72 g*s) respectively whilst that of CaS, RF:CaS (40:60) and RF:CaS (20:80) were *not detected* this result is not different from the result obtained by Li et al. (2014) as they also did not record any values for adhesiveness of CaS. The adhesiveness recorded for the formulated blends of RF and GS at various ratios had a Table 5 . Storage modulus (G'), loss modulus (G") and tanδ of rice flour paste (RF),great influence on the adhesiveness of RF since the values recorded were closer to that of GS. In this study, springiness (SPR) is the only parameter which did not record any significant difference at p<0.05 among RF, CaS, GS and their blends. This brings us to the conclusion that the addition of either CaS or GS did not affect the springiness of RF. The cohesiveness ranking was recorded as CaS>RF>GS. The cohesiveness of RF increased with increasing CaS and the values were closer to that recorded for CaS. In contrast, the addition of GS rather reduced the cohesiveness as the proportion of GS increased. Whilst the gumminess of RF was greatly affected by the addition of CaS, the increasing addition of GS did not have a significant effect on RF.
There was a significant difference at p<0.05 recorded in the rank RF<CaS<GS for chewiness parameter. The chewiness of RF was greatly affected by the addition of GS whilst the addition of CaS slightly affected the chewiness of RF. Based on the results obtained in this study, it can be concluded that CaS and GS had different textural properties. These variations in the textural properties significantly influenced the textural properties of RF when blended in various proportions and subsequently will affect the final product such as noodle's cooking quality and acceptance since the overall quality of cooked noodles is basically assessed by its texture. Table 5 summarizes the G' and G" values at 10.0Hz of RF, the individual starches and the blends at 25°C. As shown by the dynamic moduli (G' and G") values, it was revealed that all the blends exhibited a weak gel behavior due to the positive nature of the slopes and the magnitude of G' (33.81-93.45 Pa) which were much higher than those of G" . From Figures 1  and 3 , it can be seen that there is a significant change in the G' results of RF when blended with CaS and GS in the various ratios than the changes in G" respectively. The discrepancies in the granules properties such as rigidity and integrity results in the changes of in their elastic properties (Lu et al., 2008) . This phenomenon shows that the elasticity of RF is greatly affected by the addition of these starches at various ratios; similar results were recorded by Sun and Yoo (2011) as they blended rice flour with potato starch. The G' values of Pa) at various ratios were significantly lower than that of RF however, the G"(21.89-27.64 Pa) value of RF saw a slight increase. Also, the dynamic moduli of RF (G'=93.45-50.87 Pa, G"=21.89-16.20 Pa) was constantly reduced by the addition of GS at an increasing ratios (Figure 3 ). This observed result indicates that these blend samples could have been diluted by individual starches with lower dynamic moduli compared to RF. All the samples under study were more elastic than viscous since the tan δ (G"/G') values were within the range of 0.23-0.51 (tan<1). The tan δ values of RF blends (0.26-0.42) were much lower than that of the individual starches GS and CaS (0.45 and 0.51 respectively) (Figures 2 and 4) . The higher tan δ values recorded by the individual starches in effect raised the tan δ values in their blends with RF thereby reducing the elasticity of RF. However, the tan δ values recorded for RF:GS were smaller (0.26-0.36) as compared to that of RF:CaS (0.31-0.42) blends. In conclusion, even though none of the starches under study could increase the elasticity of RF however blends with GS did not have much reduction effect on the elasticity of RF and therefore can be considered over Cas. These softer and weaker gels observed for both CaS, GS and their formulated blends might be as a result of the reduction in leached-out amylose, resulting in a reduction of molecular entanglements for the gel network (Oh et al., 2010) .
Dynamic rheological properties of RF, CaS, GS and their formulated blends
CONCLUSION AND RECOMMENDATION
In this study, a broad variation of pasting, textural and dynamic rheological properties were observed among RF, CaS, GS and their formulated blends. Under the pasting property, GS exhibited the appropriate characteristics in most of the pasting parameters over CaS such as, GS recorded a higher TV, FV, P t as well as a slightly lower (PV and RBD) and slightly higher P T . That is, GS having a higher FV will result in firmness of noodles produced (out) thereby increasing the firmness of RF noodles when blended. Starches with higher TV generally exhibited superior eating quality and lower cooking loss whilst those with higher FV are related to high shear resistance hence, GS exhibiting these characteristics makes it better to be selected over CaS in the blend formulations with RF. However, CaS recording a lower and higher values for P T and PV respectively makes it better to be considered for reduction in energy requirement during processing. More so, textural properties are major characteristics for assessing the quality of rice noodle. GS recording the higher value of HD which eventually resulted in higher HD in all its blend with RF, makes it better to be selected over CaS. Finally, CaS and GS and their blends with RF all exhibited a weak gel behavior as shown by their dynamic moduli (G' and G") values. Even though, none of these starches under study could increase the elasticity of RF however blends with GS did not have much reduction effect on the elasticity of RF and therefore can be considered over CaS. The results obtained in this study, makes GS fit to be considered in the modification of RF for noodle production. Upon the various characteristics exhibited by native GS in this study, it is recommended that various modification methods be used to improve the properties of GS which will help widen its application scope in the food industry.
